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to partner with patients to enhance informed decision making. However, before these risk scores can be implemented in populations or settings that differ from the derivation sample, they need to be externally validated. 12 In Taiwan, ≈1.5% of patients with acute ischemic stroke were treated with intravenous tPA according to a nationwide registry. 13 One of the reasons for this low treatment rate might be the stringent criteria on eligibility set up by the Bureau of National Health Insurance, 14 which is the single payer of the universal and mandatory health insurance program in Taiwan. However, the presence of single exclusion criterion, such as age >80 years, baseline NIHSS scores >25, or combination of prior stroke and diabetes mellitus, is not necessarily associated with an increased risk of SICH. 15 Hopefully, applying risk score models to identify low-risk patients might increase the number of patients with stroke who could benefit from intravenous thrombolytic therapy.
In this study, we aimed to determine whether these risk scores could be used to predict SICH after intravenous thrombolysis in a Taiwanese population.
Methods
Study Population
As a joint initiative of 4 Taiwan stroke centers (Landseed Hospital, National Cheng Kung University Hospital, Chi-Mei Medical Center, and Chia-Yi Christian Hospital), we identified all consecutive stroke patients treated with intravenous tPA within 3 hours of symptom onset between January 2007 and June 2012. Eligibility for tPA treatment was determined following the guidelines of the American Heart Association, 16 and included off-label use (aged >80 or NIHSS score >25). Variable dosing (0.6-0.9 mg/kg) were recommended according to the current Taiwan guidelines. 17 Each study hospital maintained a stroke registry in accordance with the design of the nationwide Taiwan Stroke Registry, 13 which prospectively registered all stroke patients presenting within 10 days of onset. Stroke severity of each patient was assessed by the NIHSS at baseline and at discharge. All thrombolysis patients underwent computed tomography (CT) or MRI between 24 and 36 hours after thrombolysis and additional scans in case of clinical deterioration. Results of the official neuroradiology report were used to determine the presence and the size of visible hypodensity on initial head CT scan and the presence of ICH on followup scans. Radiologists were blinded to the risk score variables. The study protocol was approved respectively by the Landseed Hospital Institutional Review Board (IRB), National Cheng Kung University Hospital IRB, Chi-Mei Medical Center IRB, and Chia-Yi Christian Hospital IRB.
Outcome Measures
The primary outcome was the presence of SICH after intravenous tPA treatment. Because different definitions of SICH were used among the various risk models, we used 3 definitions of SICH. SICH per the National Institute of Neurological Diseases and Stroke (NINDS) is defined as any neurological worsening (NIHSS≥1) within 36 hours of tPA administration that is attributed to ICH verified by CT or MRI. 1 SICH per the European-Australasian Cooperative Acute Stroke Study (ECASS) II is defined as any type of ICH on any post-treatment imaging after the start of thrombolysis and a neurological deterioration of ≥4 points on the NIHSS from baseline, or from the lowest value within 7 days, or leading to death. 18 SICH per the SITS-Monitoring Study (SITS-MOST) is defined as a local or remote type 2 parenchymal hemorrhage on the 22-to 36-hour post-treatment CT scan associated with a neurological deterioration of ≥4 points on the NIHSS or leading to death. 19 The Table I in the online-only Data Supplement summarizes the risk models. The Cucchiara score predicting SICH per the NINDS definition was derived from the data of 481 patients. 5 The HAT score was designed by literature review and tested on 2 independent cohorts. 6 The NINDS definition of SICH was used in 1 cohort (302 patients), whereas an alternative definition of SICH (namely, ICH on CT or MRI 24-48 hours after thrombolysis with an increase of ≥4 points on the NIHSS score from baseline) was assessed in the other 98 patients. The SITS-SICH risk score, developed using data from the SITS-MOST (27 804 patients), was intended to predict large cerebral parenchymal hemorrhages associated with severe clinical deterioration. 8 The GRASPS score was constructed using data from Get With The Guidelines-Stroke (10 242 patients) to predict SICH per NINDS. 10 The SPAN-100 index, created using the data from the NINDS tPA trials, aimed to predict clinical response and risk of ICH after thrombolysis. 11 We excluded the SEDAN score because hyperdense artery signs were not routinely evaluated in the study hospitals. The iScore was not included because it involves details of patients' medical history (such as congestive heart failure, cancer, and kidney disease on dialysis), which may not be easily accessed in the hyperacute stroke management.
Prediction Risk Scores of SICH
Statistical Analysis
Continuous variables were summarized as mean±SD or median (interquartile range), and categorical variables as counts and percentages and were compared with χ 2 test or Fisher exact test. We calculated the risk scores and the predicted probability of SICH for each patient according to each risk model.
To assess the prediction performance of each risk model, we performed a univariate logistic regression on SICH by entering each risk score as a continuous variable. The model fit was measured with the Hosmer-Lemeshow goodness-of-fit statistic. The trend of SICH incidence across the increasing score values was assessed by the χ 2 test for trend. The discriminatory ability of each risk model was evaluated using the area under the receiver operating characteristic curve (c statistic). We compared the c statistic for each pair of the scores using the DeLong method. 20 We considered P value <0.05 (2-tailed) statistically significant. All analyses were performed using MedCalc for Windows, version 12.3.0.0 (MedCalc Software, Mariakerke, Belgium).
Results
A total of 548 consecutive patients at study hospitals underwent intravenous tPA treatment for acute ischemic stroke within 3 hours of stroke onset (Landseed Hospital, n=39; National Cheng Kung University Hospital, n=202; Chi-Mei Medical Center, n=170; Chia-Yi Christian Hospital, n=137). Characteristics of the study population are shown in Table 1 . The median dose administered was 0.86 mg/kg. The baseline NIHSS scores between the study hospitals were different (Table II in the online-only Data Supplement). The proportions of SICH among the study hospitals ranged from 4.0% to 10.2% (Fisher exact test, P=0.075) per NINDS, 2.6% to 8.8% (P=0.111) per ECASS II, and 2.5% to 5.8% (P=0.398) per SITS-MOST. The overall rates of SICH were 7.3% (95% confidence interval, 5.2%-9.9%) per NINDS, 5.3% (3.5% to 7.6%) per ECASS II, and 3.5% (2.1% to 5.4%) per SITS-MOST. The rate of SICH per NINDS was overpredicted by the GRASPS score (observed 7.3%, predicted 10.9%), whereas the rate of SICH per SITS-MOST was underpredicted by the SITS SICH risk score (observed 3.5%, predicted 1.6%; Table 2 ).
The abilities of these 5 risk models to predict SICH according to different definitions of SICH are summarized in Table 3 . The Cucchiara score, the HAT score, and the SITS-SICH risk score effectively predicted the occurrence of SICH. However, the GRASPS score and the SPAN-100 index inadequately forecasted SICH in our patients. The SPAN index (namely, age in years plus NIHSS) also lacked good performance (odds ratio, 1.02, P=0.063 per NINDS; odds ratio, 1.02, P=0.069 per ECASS II; and odds ratio, 1.03, P=0.082 per SITS-MOST). The observed rates of SICH according to different risk score models are shown in the Figure. The trend of increasing SICH incidence across rising score values was significant for risk scores across the definitions of SICH except the SPAN-100 index. The rates of SICH were not significantly different between patients with SPAN-100 index ≥100 and those <100 regardless of the definitions of SICH. Overall, the c statistic was highest for the HAT score and lowest for the SPAN-100 index (Table 3 ). Significant differences in the c statistics were observed between the HAT score and the Cucchiara score for SICH per NINDS (P=0.007), between the HAT score and the GRASPS score for SICH per NINDS (P=0.030) and per SITS-MOST (P=0.036). Discrepancy was also noted between the HAT score and the SPAN-100 index for SICH per NINDS (P<0.001), SICH per ECASS II (P=0.002), and SICH per SITS-MOST (P=0.003).
Discussion
We found that the Cucchiara score, the HAT score, and the SITS-SICH risk score could reasonably predict SICH regardless of the definitions of SICH. Of them, the HAT score had the best ability to discriminate between patients with and without SICH because its c statistics were above or approaching an acceptable threshold of 0.7. 22 The Cucchiara score and the SITS-SICH risk score showed a slightly lower ability of discrimination with c statistics ranging from 0.6 to 0.7. The predictive ability of the GRASPS score and the SPAN-100 index was inadequate because their predictive value was poor regardless of SICH definition. In addition, the SPAN-100 index had the lowest discriminatory ability.
Although the rates of SICH per NINDS and per ECASS II in our cohort were in agreement with those predicted by the SITS-SICH risk score, the probability of SICH per SITS-MOST (3.5%; 95% confidence interval, 2.1%-5.4%) was notably higher than expected (1.6%; Table 2 ). Identification of SICH might be subject to inter-rater variability and the variation in SICH rates was found to be highest across studies that reported SICH rates using the SITS-MOST criteria. 23 Nevertheless, the rates of SICH according to various definitions in our cohort were comparable to those of an earlier multicenter study in Taiwan (Table 2) . 21 The distinct discrepancy between the observed and predicted *The definition of SICH used by the HAT score is not exactly the same as that in the NINDS study.
by guest on April 13, 2017 http://stroke.ahajournals.org/ Downloaded from incidence of SICH per SITS-MOST in our population might be attributed to patient characteristics (SICH after tPA tended to happen earlier or caused more marked worsening of neurological symptoms), apart from inter-rater variability in assessment.
To be clinically practical and easily applied at the bedside, a risk score using information easily available before the administration of thrombolysis to estimate the risk of SICH is favored. Of the available scoring models, [5] [6] [7] [8] [9] [10] [11] the HAT score and the SEDAN score incorporated early infarct signs on the pretreatment head CT scan in addition to clinical parameters. Although extensive cerebral ischemia substantially increased the risk of SICH, 24 lack of agreement among physicians in interpreting early infarct changes on CT probably limits its use in predicting SICH. 25 The SEDAN score also includes hyperdense artery signs, which may require even more radiological expertise for image interpretation.
By comparison, the Cucchiara score, the SITS-SICH risk score, the GRASPS score, and the SPAN-100 index can be readily calculated using easily accessible parameters before the administration of tPA. Being the simplest model, the SPAN-100 index failed to predict satisfactorily across the definitions of SICH. Another study also reported no difference in the SICH rate between patients stratified by SPAN-100 index. 26 However, its predictive value may be enhanced by an alternative threshold reflective of diverse race and ethnicity. Actually, compared with the SPAN-100 index, the SPAN index (ie, age plus NIHSS) have a better prediction performance, with c statistic being 0.59 versus 0.56 per NINDS, 0.60 versus 0.55 per ECASS II, and 0.63 versus 0.57 per SITS-MOST. The SITS-SICH risk score is notable for its inclusion of onset to treatment time. Therefore, it is suitable for assessment of SICH risk in stroke patients treated beyond the 3-hour time window.
As demonstrated in the GRASPS score, Asian race was an independent predictor of SICH and had an even higher weight than blood glucose. However, this finding may not be conclusive. 27 We speculate that the inclusion of Asian race as one of the predictors may explain the overestimation of SICH risk by the GRASPS score in our population.
SICH is a disastrous thrombolysis-related complication and often associated with poor outcomes. It is still unclear which definition of SICH is best correlated with stroke outcomes. The NINDS definition considers any CT-documented hemorrhage that is temporally related to any clinical deterioration as SICH, and tends to be confounded by deterioration caused by infarct edema and inconsistency in judgment between clinicians. Studies showed that the ECASS II definition had the highest inter-rater agreement and the largest contribution to worst outcomes. 3, 28 Patients with SICH per SITS-MOST was also found to have the highest risk for death and poor outcome. 28 A proportion of our patients were treated with a lower dose of intravenous tPA. Whether the incidence of SICH is similar between standard dose and low-dose regimens remains unclear. A systematic review on intravenous thrombolysis in Asians found that both standard dose and low-dose regimens were associated with rates of SICH comparable with those seen in the NINDS and SITS-MOST studies. 29 Furthermore, an openlabel study found no difference in the occurrence of SICH between the standard-dose group and low-dose group (0.7 mg/ kg). 30 Our study reflects the real world of current practice. by guest on April 13, 2017 http://stroke.ahajournals.org/ A limitation of our study is that the determination of symptomatic versus asymptomatic hemorrhage may be influenced by the inter-rater variability between participating investigators. However, the stroke neurologists and the radiologists were blinded to the risk score variables when interpreting the data. Second, we did not explore hospital characteristics that might potentially alter the incidence of SICH (eg, the quality of patient care after thrombolysis). Notably, the baseline stroke severity might largely explain hospital variations in SICH rates. Third, all risk models evaluated are predominantly developed and validated in patients from EuropeanAmerican ancestry. To what extent the different performance of these risk scores is attributable to racial differences remains to be explored. Fourth, caution should be taken in generalizing our findings in light of the small proportion of stroke patients who received intravenous tPA in Taiwan.
Conclusions
Our study suggests that in selected models of risk score, the Cucchiara score, the HAT score, and the SITS SICH risk score were reasonably predictive of SICH after thrombolysis independent of the SICH definition used. Predictive performance of the GRASPS score and the SPAN-100 index was less satisfactory in our patients. Moreover, only the HAT score had an acceptable discrimination. Further refinement of these scores to increase their discriminatory ability may be warranted.
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